The Finapres (Ohmeda, Madison, U.S.A.) is a non-invasive device which continuously measures the arterial blood pressure in a finger and produces a real-time display oJ the arterial pressure wave. It consists oJ a finger cuff with an inJra-red transmission plethysmograph, a servo control box and a monitor unit. The device was compared with intra-arterial pressure monitoring in twenty patients during induction oJ anaesthesia Jor elective neurosurgical procedures. The differences between the two methods were considerable, ranging Jrom -40 mmHg to +26 mmHg Jor mean pressure. While the Finapres has potential as a non-invasive continuous blood pressure monitor, the current model Finapres, as supplied, displays too great a variability Jor it to be used as an alternative to intra-arterial pressure monitoring.
The Finapres (Ohmeda 2300, BOC Healthcare, Madison, U.S.A.) is a new noninvasive device which continuously measures the arterial blood pressure in a digit and produces a real-time display of the arterial pressure wave, digital data and a trend, all on a 7" CRT screen. The device will soon be commercially available in Australia. Several workers have tested the Finapres in clinical use during anaesthesia and in critical care. [2] [3] [4] Our study was undertaken to evaluate its performance during the induction of anaesthesia and to compare its accuracy with that of intra-arterial pressure monitoring.
Description oJ the Finapres
The Finapres uses a method described by Penaz 5 to continuously measure arterial blood pressure. The device consists of a finger cuff, a servo control box and cable, plus a monitor unit which incorporates an Intel 8080/based 8-bit microprocessor. The wrap-on finger cuff incorporates an inflatable plastic bladder plus an infra-red transmission plethysmograph. The plethysmograph responds to changes in the diameter of the arterial wall with each pulse. The microprocessor allows the plethysmograph to periodically lock onto a transmitted light level at which the arterial transmural pressure is zero. The microprocessor and servo control unit then adjust the pressure in the bladder of the finger cuff so that the arterial transmural pressure remains at zero. At that point the cuff pressure equals arterial pressure and the cuff pressure wave form is translated into the arterial wave form. In addition systolic, diastolic and mean blood pressures plus the pulse rate are displayed digitally.
The finger cuff is applied to the middle phalanx of a finger or the proximal phalanx of the thumb and the servo control unit strapped to the back of the hand or wrist. Three sizes of cuff are available so the cuff can fit snugly. The Finapres performs self-checking when first switched to 'start' and repeats this automatically at intervals.
Graphical displays of trends plus an RS-232 C port are available together with audible and visual alarms for the blood pressure and pulse rate. If the microprocessor is receiving unsatisfactory signals from the transducer the cuff deflates and a request to check the cuff appears on the monitor.
The cuffs have been used continuously in long procedures without adversely affecting the circulation in the digit. 6 
METHODS
Twenty patients presenting for elective neurosurgery in whom direct arterial pressure monitoring was to be used were studied. Approval was obtained from the Hospital Human Rights Committee.
Intra-arterial pressure was monitored in the radial artery using a 20 gauge 11/4" tefloncoated cannula ( 7368004 E2250, Siemens, U.S.A.), and calibrated against a mercury column. The cuff of the Finapres was then applied to the thumb of the ipsilateral hand and taped securely. The Deseret transducer, the Finapres cuff and the Finapres transducer box were all positioned at the same height. The output from both devices was recorded simultaneously on a 4-channel chart recorder (Mijnhardt Model RECI4).
The study period began two minutes before induction and continued until three minutes after intubation. For each patient 24 pairs of blood pressure values during this interval were obtained from the chart recording, providing a total of 480 paired comparisons.
RESULTS
The age of the patients ranged from 20 to 73 years with a mean of 51 years. There were eleven males and nine females. Three patients had essential hypertension and one had peripheral vascular disease.
Results were analysed using a technique proposed by Bland and Altman.7 The difference between the intra-arterial and the Finapres values was determined for the systolic, diastolic and mean blood pressure. This difference was then plotted against the mean of the values as a measure of the agreement between the two methods. There was an unpredictable inter-patient variation in the performance of the Finapres, reading higher than the intra-arterial cannula in ten patients and lower in the other ten patients. For this reason the data from each patient was considered separately. Data from three representative patients is presented in Figures  1, 2 and 3 with the difference between the intra-arterial and the Finapres pressure values plotted against the mean of these values at each point. In Figure 1 there is a marked discrepancy between the two methods, with mean pressure as measured by the Finapres as much as 28 mmHg lower than that measured by the intra-arterial cannula. In contrast, Figure 2 plots the data from a second patient in whom the two devices agreed more closely. However at lower pressures there was up to 16 mmHg difference, with the Finapres again providing lower values. In a third patient ( Figure 3 ) the Finapres provided higher values than the intra-arterial cannula but with less v ariabili ty. ii: The mean difference between intra-arterial values and Finapres values and the standard deviation of the difference was calculated for each patient (Table 1 ). The mean difference ranged from -23 mmHg to +53 mmHg for systolic pressure, from -44 mmHg to + 18 mmHg for diastolic pressure, and from -40 mmHg to +26 mmHg for mean pressure.
DISCUSSION
The Finapres device, when compared with intra-arterial monitoring, has been claimed to differ by 0 to 15 mmHg for systolic, -5 to +5 mmHg for diastolic, and 0 to -5 mmHg for mean pressures. 8 In this study we have not been able to reproduce this level of agreement. Instead we have found the Finapres to be inconsistent, under-reading in some patients and over-reading in others. In addition, in several patients the Finapres could not follow trends in the blood pressure, varying both well above and below intra-arterial values within the few minutes taken to complete the study. This unpredictable variability with time is of particular concern.
The reasons for the variable performance of the Finapres are not clear but are probably largely related to technical problems with the cuff. The placement of the cuff was a major problem despite the utmost care taken, and minor alterations in cuff alignment or tension produced marked changes in readings. Often several readjustments of cuff position were required before a satisfactory trace resulted. Since this study was completed the cuff has been modified. This modification is not yet available in Australia but further testing with the modified cuff may yield different results. The presence of an intra-arterial cannula may have interfered with the Finapres measurement by reducing blood flow to the hand. 9 This may explain the lower values obtained with the Finapres in ten patients, but in the remaining ten patients the Finapres values are higher than the intra-arterial values. The ipsilateral hand was chosen for placement of the Finapres cuff to eliminate the possibility of different blood pressures in the two arms and to ensure that both transducers could be held at the same height.
U se of the thumb has been advocated by Kurki et al. 9 as readings from the thumb appear to be more reliable, perhaps due to the shorter distance between the cuff and the radial cannula and the better arterial circulation in the thumb. The flexible cuff supplied with the Finapres is for use on either finger or thumb but in one male patient the cuff size was barely adequate and provision of a larger cuff would be useful.
In conclusion, we feel that the current Finapres device, while possessing the advantages of a non-invasive monitor, displays too great a variability in blood pressure estimations when compared with intra-arterial monitoring to be used as an alternative method of monitoring the blood pressure.
time as to the condition of the patient. I believe that nothing so trains a person to become skilled in the administration of anaesthetics as the routine employment of the charts. ' -B. B.
Rogan, Alabama, 190 I. 1, 2 Following a recent review of cases arising from awareness during surgery, the Medical Protection Society stated that in the majority of instances defence against claims was made difficult because the anaesthetist ... (a) had not adhered to generally accepted
